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Abstract.  We have studied the molecular properties, structural properties, and chemical composition of composites by 
Fourier transform infrared (FTIR) spectroscopy, X-ray diffraction (XRD) spectroscopy, and X-ray fluorescence (XRF) 
spectroscopy, respectively. FTIR spectra shows absorption band of hydroxyl group (-OH), methyl group (-CH3) and 
aromatic group (C-C). The absorption band for aromatic group (C-C) shows the formation of carbonaceous in 
composites.  XRF shows chemical composition of composites, which the main chemicals are SO3, Cl, and ZnO. The loss 
on ignition value (LOI) of activated charcoal indicates high carbonaceous matter. The crystallite size for diffraction 
pattern from hydrogel polymer is about 17 nm and for activated charcoal are about 19 nm.  The crystallite size of the 
polymer is lower than that of activated charcoal, which make possible of the particle from filler in contact with each other 
to form continuous conducting polymer through polymer matrix. 
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INTRODUCTION 
Composites based carbon is a crucial for modern technology in many braches, such as military applications 
(reduction of radar signature of aircraft, ships, tanks, and targets), civilian applications (reduction of electromagnetic 
interface among components and circuits, reduction of the back radiation of microstrip radiators), energy 
applications (batteries, supercapacitors, memory devices, photovoltaics), medical applications (artificial muscle, 
biomedical devices), and environmental applications (biosensor, corrosion protection). Actually, a variety of 
polymer composites can be easily obtained by using inexpensive materials, equipment, and characterized by easy 
processability and cost effectiveness [1-7].  
For application of composites in many braches, functionality and processabilty are two important issues. These 
properties are related to the aspect ratio between filler and polymer matrix. This aspect ratio offers a large flexibility 
for design and properties control. The filler can be carbonaceous particles such as; charcoal (carbon) black, carbon 
nanotube, carbon fiber, graphene, and activated carbon or metal nanoparticle such as; Ag, Au, Fe, Si, and Cu [1, 4, 
6]. The interfacial adhesion between matrix and filler are also greatly influence to the properties of composites; 
electrical conductivity and structural properties. 
There are few study devoted for the structural properties and chemical bonding between filler and polymer 
matrix. The aim of this study is to investigate the chemical bonding, chemical composition, structural properties of 
the composites based on activated carbon which is made from solid agriculture waste as a filler and hydrogel 
polymer as a matrix.   
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EXPERIMENT 
Materials 
The polyvinyl alcohol (PVA) 99%, Hydroxyethyl cellulose 92%, Na2SO4, and ZnCl2 were purchased from Merk 
KgaA, Germany. Charcoal is produced from the carbonization process of coconut shell then crushed into powder 
[8]. 
Sample Preparation and Characterization 
ZnCl2 0.1 M solution as used for activation charcoal with a volume ratio of 3:1 respectively, by soaking the 
charcoal into a solution for 72 hours. The activated charcoal washed by using distilled water until the remaining 
solution has a pH neutral and then dried in oven at 60oC for 24 hours.  
PVA polymers with a molecular mass of 22,000 g / mol were dissolving into distilled water and Na2SO4 with a 
mass ratio are 1: 40: 1, respectively. The mixture was stirred by using magnetic stirrer at 50 ° C for 3 hours. After a 
homogeneous solution, Hydroxyethylcellulose was added with a ratio of 1: 1. When it has been formed gels, 
hydrogels thus formed and then poured into petri dish and allowed to dry naturally.  
Hydrogel/activated charcoal mixtures and produces composites were pressed into 10 mm thick sheet on a hot 
presser at 50oC for 10 min by means of a special mold. 
The characterization of composites is carried out by Fourier transform infrared (FTIR) spectroscopy using Perkin 
Elmer 1800 model instrument in the range 500-3800 cm-1 as potassium bromide pellet. X-ray diffraction (XRD)of 
composites were obtained on a powder XRD Model Shimadzu 7000 with CuKα radiation. The chemical 
composition of composite was analyzed by X-ray fluorescence (XRF) spectroscopy Model Thermo ARL Quant. 
RESULTS AND DISCUSSION 
Figure 1 shows FTIR spectra of activated charcoal, hydrogel polymer, composites, and charcoal. Charcoal 
spectra use for comparison with activated charcoal. It can be seen in Fig. 1, the absorption band of hydroxyl group (-
OH) in composites appear at 3385 cm-1 are in the middle of activated carbon at 3379 cm-1 and hydrogel polymer at 
3441 cm-1. The hydroxyl group in composites indicated that the activated charcoal and hydrogel polymer gets 
involved in the of hydrogen bonding.  The absorption band at 2922 cm-1 from methyl group (-CH3) and at 2357 cm
-1 
from nitriles group (C#N) are shows contribution from combination of hydrogel polymer and activated charcoal. 
The absorption band at 1578 cm-1 arising from aromatic group (C-C), which is indicated the formation of 
carbonaceous in composite as can be seen clearly in Fig. 1. The strong and wide absorption peak of C-C is come 
from activated charcoal at 1563 cm-1 [5,7-10].   
Table 1 shows chemical oxide composition of activated charcoal, hydrogel polymer, and composites from XRF 
spectroscopy. Chemical oxides which are form in composites are ZnO, K2O, CaO, and P2O5 from activated charcoal 
and SO3 from hydrogel polymer. The amounts of Cl are 0.77% in activated charcoal and 72.53% in hydrogel 
polymer. The loss on ignition value of activated charcoal are 39.98%, which is indicates high carbonaceous matter 
as confirm by FTIR spectra.    
XRD of composite and activated charcoal are shown in Fig. 2. Composites showed the diffraction patterns are 
similar with that of activated charcoal. The broad of the diffraction peaks at 2T = 22.5o, 23.5o, 25.4, 31.8o, and 33.9o 
from hydrogel polymer (see inset figure in Fig.2) are indicated the small dimension of the particle and another peak 
from activated carbon. The average crystallite size was determined by using Debye-Scherrer formula: D=0.9O/B 
cosT where D is the mean crystallite size, O the wave length of Cu Kα, B is the full width at half maximum 
(FWHM), and T is the Bragg’s angle. The crystallite sizes for diffraction pattern form hydrogel polymer are about 
17 nm and for activated carbon are about 19 nm. The carbon atoms of activated charcoal are responsible for 
crystalline structure of composites as can be seen in Fig. 2 XRD pattern of activated charcoal are predominating and 
also confirmed by FTIR spectra. The broadest of diffraction peak at 2T < 35o shows amorphous structure of charcoal 
and composites [11]. The intensity of the XRD spectra peaks can be influence by crystallinity or by hydrogel 
(polymer) chains order in composite structure [11,12]. From the intensity of XRD spectra in Fig. 2 suggests that 
composite has a relatively high amorphous structure compared with charcoal. This structure also confirms by the 
crystallite size is small.  
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FIGURE 1.  FTIR spectra of charcoal, activated charcoal, hydrogel polymer, and composites
Composites in this study shows continuous network between the atom from the activated charcoal as a filler and 
the atom from hydrogel polymer as a matrix.  From XRD analysis of diffraction pattern from the individual 
contribution of composites shows the crystallite size of the polymer are lower than that of activated charcoal, which 
make possible of the particle from filler in contact with each other to form continuous conducting polymer through 
polymer matrix [1, 4, 7].   
 
TABLE 1. Chemical oxide composition from XRF for activated charcoal, hydrogel, and composites. 
 
Chemical  
Composition 
Activated Charcoal 
Weight (%) 
Hydrogel 
Weight (%) 
Composites  
Weight (%) 
SO3 - 25.05 40.46 
Cl 0.77 72.53 22.43 
ZnO 48.7 - 17.97 
K2O 3.87 - 7.17 
CaO 3.02 - 6.80 
P2O5 3.75 - 3.92 
LOI 39.98 2.43 1.25 
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FIGURE 2.  XRD spectra of activated charcoal and composite 
 
CONCLUSIONS 
 
In this work, we determined the structural properties and chemical composition of composites by FTIR, XRF, 
and XRD. The FTIR shows chemical bonding such as aromatic group (C-C) and the XRF shows chemical 
composition such as loss on ignition (LOI) value, which is indicates carbonaceous matter in the content. The XRD 
analysis shows the crystallite size of the polymer is lower than that of activated charcoal, which make possible of 
the particle from filler in contact with each other to form continuous conducting polymer through polymer matrix. 
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